Background: Liver dysfunction is an independent risk factor for poor prognosis of patients with sepsis. The aim of this study is to evaluate the effects of continuous hemofiltration in patients with bacterial sepsis complicated by liver dysfunction. Methods: We retrospectively analyzed the medical records of 27 cases of bacterial sepsis with liver dysfunction admitted to pediatric intensive care unit (PICU) of Shanghai Children's Hospital between January 2013 and December 2016. Results: 28-day mortality and length of PICU stay were significantly reduced in the continuous hemofiltration group (n = 16) compared with the conventional management group (n = 11) (31.3% vs. 72.7%, 9 [4-23] vs. 14 [4-36], respectively, both P < 0.05). The interval time between PICU admission and continuous hemofiltration initiation was (22.06 ± 17.68) h, and the median time of continuous hemofiltration duration was 48 h (31-70 h). After 72 h hemofiltration, the levels of total bilirubin (TBIL), direct bilirubin (DBIL), total bile acids (TBA), ammonia, lactate (Lac), TNF-α and IL-6 were significantly decreased in the continuous hemofiltration group. Moreover, multivariate logistic regression analysis indicated that continuous hemofiltration treatment and the TBIL level were independently associated with 28-day mortality of patients with bacterial sepsis complicated by liver dysfunction. Conclusions: Continuous hemofiltration significantly decreases the serum levels of TBIL, DBIL, TBA, Lac, ammonia, TNF-α, IL-6, and improves 28-day mortality of patients with bacterial sepsis complicated by liver dysfunction.
Background
Sepsis is defined as life-threatening organ dysfunction caused by a deregulated host response to infection [1] . Until now, bacteria is still the most common pathogens of sepsis [2] . Specifically, Gram-negative (G-) bacteria are among the most important pathogens of sepsis, and lipopolysaccharide (LPS) is regarded as an important stimulator of triggering the systemic inflammatory reaction [3] . The amount of proinflammatory cytokines including tumor necrosis factor (TNF)-α and interleukin (IL)-6 contribute to liver dysfunction [4] . In addition, the stimulated liver produces and releases high amounts of bioactive lipids and acute phase proteins [5] , which also play an important role in sepsis-induced liver dysfunction [6] . Liver dysfunction is an independent risk factor for a poor prognosis of patients with sepsis, and the mortality of sepsis-associated liver dysfunction is 54.3-67.6% [7, 8] . The bacterial sepsis complicated by liver dysfunction in children remains the leading causes of death in pediatric intensive care unit (PICU).
Continuous renal replacement treatment (CRRT) preferred as adjuvant therapy in critically ill patients to improve hemodynamics and fluid balance and remove noxious molecules and cytokines [9] [10] [11] . Recently, a retrospective cohort study indicated that continuous hemofiltration provides stability and bridge to liver transplantation in patients with pediatric acute liver failure [12] . However, there is little study available about the continuous hemofiltration in sepsis complicated by liver dysfunction, especially initially infected by bacteria in children. In the present study, we retrospectively analyzed the medical records of patients with bacterial sepsis complicated by liver dysfunction admitted to PICU at Shanghai Children's Hospital from January 2013 to December 2016. The aim of the study was to evaluate the effects of continuous hemofiltration on 28-day mortality and the levels of total bilirubin (TBIL), direct bilirubin (DBIL), total bile acids (TBA), lactate (Lac), ammonia, TNF-α and IL-6 in patients with bacterial sepsis complicated by liver dysfunction.
Methods

Study design
We performed a retrospective observational study of patients with bacteria sepsis-associated liver dysfunction admitted to PICU at Shanghai Children's Hospital between January 2013 and December 2016. The study was conducted in accordance with the ethical principles of the Declaration of Helsinki (and subsequent revisions) and to the current norm for observational studies. This study was approved by the Ethics Committee of Shanghai Children's Hospital (No. 2016R010-E02). The written informed consents were obtained from all patients' parents.
Patients and treatment
Patients more than 1 month and under 14 years old who were diagnosed with sepsis-associated liver dysfunction initially infected by bacteria were screened for inclusion. The patient was diagnosed with sepsis based on the International Pediatric Sepsis consensus conference in 2005 [13] and "Surviving Sepsis Campaign" international guidelines in 2012 [14] . Liver dysfunction is defined as plasma TBIL above 4 mg/dl or 70 μmol/L according to Surviving Sepsis Campaign International Guidelines in 2012 [14] . And patients initially infected by bacteria were confirmed by laboratory finding. Patients discharged 72 h earlier after admission were excluded. And patients with primary hepatobiliary diseases or inherited metabolic diseases were excluded. Primary hepatobiliary involvement was defined as liver trauma, hepatitis, malignancy, and cholecystitis. All patients were treated with conventional management according to "Surviving Sepsis Campaign" international guidelines in 2012 [14] . All the patients' parents signed the informed consents before continuous hemofilatration treatment if the patients received continuous hemofiltration.
Continuous hemofiltration
The pattern of CRRT used in patients with bacterial sepsis complicated by liver dysfunction was continuous hemofiltration performed using PRISMA or PRISMA flex blood purification machine and Gambro prisma filter with an ultrafiltrate flow rate of 35-50 mL/kg/hr. The indications for initiation of continuous hemofiltration included acute kidney injury, fluid overload (> 10%), or hyperammonemia (> 100 μmol/L) as described in our previous study [15] , as well as hemodynamic instability such as cardiogenic shock, septic shock and multiple organ dysfunction [16, 17] . The patients with severe coagulation disorders (APTT > 80 s or INR > 2.5), or with biofilm allergic reaction, or with difficult to set venin catheter-access were treated with conventional therapies. According to patient body weight, we chose a 6F to 12F central venous catheters (GamCath; Gambro, Colombes, France) to construct the vascular access in the right internal jugular or femoral vein. Continuous hemofiltration was performed as described in our previous study [15] . Briefly, the saline containing 5000-10,000 IU/L heparin was used to pre-treat the filter circuit. And the dosage of heparin was 5-20 U/kg.h to maintain activated partial thromboplastin time (APTT) with 1. 
Observational data
The demographic data were collected from medical records. The 28-day mortality and the changes of serum levels of biochemical and clinical parameters including alanine aminotransferase (ALT), γ-glutamyltranspeptidase (γ-GT), TBIL, DBIL, TBA, lactate (Lac), ammonia, TNF-α and IL-6, prothrombin time (PT), activated partial thromboplastin time (APTT) and international normalized ratio (INR) were analyzed.
Statistical analysis
Data were analyzed using SPSS (v.22.0) (SPSS Inc., Chicago, IL). Continuous variables were summarized as means ± standard derivations (SD) for normal distribution data and as median (range) for abnormal distribution data. All variables were tested for normal distribution by using the Kolmogorov-Smirnov test. Partial were transferred to normal distribution by the Ln treatment. Student t test was used to compare the means of continuous variables and normally distributed data; otherwise, the Mann-Whitney U test was used. The chi-square test was used to compare the categorical data. The independent factors correlated with 28-day mortality were assessed by applying multivariate logistic regression analysis and Spearman's rank correlation coefficient. A value of P < 0.05 was considered statistically significant.
Results
A total of 80 children diagnosed with sepsis-associated liver dysfunction were admitted to the PICU at Shanghai Children's Hospital between January 2013 and December 2016. One patient was excluded due to unknown cause. Sixteen patients were excluded due to primary hepatobiliary disease, inherited metabolic diseases and drug intoxication. Thirty-seven patients were excluded due to viral infection, fungal infection or diverse infection. Finally, 27 patients with sepsis-associated liver dysfunction initially infected by bacteria met inclusion criteria, which included 13 male children and 14 female children. And 11 patients received conventional management, and 16 cases were treated with conventional management plus continuous hemofiltration as adjuvant therapy according to medical records ( Fig. 1 ). And the pathogens include Escherichia coli (10/27), Pseudomonas aeruginosa (6/27), Klebsiella pneumonia (1/27), Streptococcus pneumonia (7/27) and Staphylococcus aureus (3/27). Fourteen patients survived, and 13 patients died. The demographic and clinical characteristics of patients were detailed in Table 1 .
Demographic and clinical characteristics
The characteristics of patients in the conventional management group and the continuous hemofiltration group were similar in respect of age, gender, Pediatric Risk of Mortality III (PRISM III), fever, complications, rate of hepatomegaly or hypoproteinemia, infection origin, pathogens, infection biomarkers and liver function (all P > 0.05). The length of PICU stay was significantly shorter in patients of continuous hemofiltration group compared with the conventional management group (9 [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] vs. 14 [4-36], P < 0.05). And 28-day mortality was significantly reduced in patients of continuous hemofiltration group compared with the conventional management group (31.3% vs. 72.7%, P < 0.05, Table 1 ).
Clinical benefits of continuous hemofiltration in patients with sepsis-associated liver dysfunction
The median interval time between continuous hemofiltration initiation and PICU admission was (22.06 ± 17.68) h. Moreover, the median interval time in non-survivor was significantly longer than that in survivor (37.40 ± 25.53 vs. 15.09 ± 6.09, P < 0.05). The median time of continuous hemofiltration duration was 48 h (31-70 h) in patients with sepsis-associated liver dysfunction. The 28-day mortality rate in continuous hemofiltration group was 31.3% (5/16), which was significantly decreased compared with the conventional therapy group (72.7%, 8/11). The levels of TBIL, DBIL, TBA, Lac, TNF-α and IL-6 were significantly decreased at 72 h after treatment in the continuous hemofiltration group (all P < 0.05), other than in the conventional group (all P > 0.05, Table 2 ). The serum levels of TNF-α and Fig. 1 Flowchart of patient enrollment in this study IL-6 decreased about 30-40% in patients treated with continuous hemofiltration during the first 72 h after admission, but not in the conventional group (Fig. 2) .
Independent factors for 28-day mortality of patients with sepsis-associated liver dysfunction
The clinical characteristics of patients with bacterial sepsis-associated liver dysfunction admitted to PICU were compared between survivors and non-survivors. In the present study, the characteristics of survivors and non-survivors were similar with respect to gender, PRISM III score, fever, complications, rate of hepatomegaly or hypoproteinemia, infection origin, infection markers (all P > 0.05) ( Table 3) . And there was no significant difference about 28-day mortality among difference bacterial aetiology (all P > 0.05), and there was no significant difference in respect of age (30 months vs. 12 months, P = 0.704) ( Table 3 ). The /L, PCT procalcitonin, ng/mL, CRP C-reactive protein, mg/L, PT prothrombin time, s, ALT alanine transaminase, U/L, TBIL total bilirubin, μmol/L, DBIL direct bilirubin, μmol/L * indicates P < 0.05 compared with conventional group ratio of continuous hemofiltration therapy was significantly higher in survivors than in non-survivors (78.6% vs. 38.5%, P < 0.05). Among the indicators for liver function, the levels of TBIL in non-survivors were significantly higher than that in survivors (232.99 ± 88.49 μmol/L vs.134.55 ± 127.51 μmol/L, P < 0.05) ( Table 3 ). There were increasing trend but without statistical differences in respect of the levels of ALT, γ-GT, DBIL, TBA, INR, Lac, ammonia, TNF-α and IL-6 in non-survivors compared with survivors (all P > 0.05, Table 3 (Table 4) . Furthermore, the continuous hemofiltration therapy and the levels of serum TBIL were significantly correlated with 28-day mortality of patients with bacterial sepsis complicated by liver dysfunction (r = − 0.408, P = 0.035; r = 0.42, P = 0.029, respectively). 
Lac lactate, mmol/L; Ammonia, μmol/L, TNF-α tumor necrosis factor α, pg/mL, IL-6 interleukin 6, pg/mL, T0: baseline before treatment, T72: 72 h after treatment * indicates P < 0.05 compared with T0 Fig. 2 Changes of the serum levels of TNF-α (a) and IL-6 (b) in patients with sepsis-associated liver dysfunction initially infected by bacteria after treatment with or without continuous hemofiltration. T0: baseline before treatment, T72: 72 h after treatment. * indicates P < 0.05 compared with T0 
Ammonia, μmol/L, TNF-α tumor necrosis factor α, pg/mL, IL-6 interleukin 6, pg/mL * indicates P < 0.05 compared with survivors
Discussion
Continuous hemofiltration has been preferred as an effective adjuvant therapy for the treatment of systemic inflammatory syndromes in intensive care unit. In the present study, 28-day mortality of patients with bacterial sepsis-associated liver dysfunction was significantly reduced in the continuous hemofiltration group compared with the conventional management group, which was associated with decreasing the levels of TBIL, DBIL, TBA, Lac, TNF-α and IL-6 after 72 h treatment. And continuous hemofiltration therapy, as a protective factor, was significantly correlated with 28-day mortality of patients with bacterial sepsis complicated by liver dysfunction. To our knowledge, it is the first study to assess the clinical effect of continuous hemofiltration on 28-day mortality of bacterial sepsis-associated liver dysfunction in pediatric population. The conventional management for liver dysfunction caused by bacteria includes antibiotics and supportive therapy to improve the disturbed homeostasis [18] . Despite the advances in conventional management, 28-day mortality of bacterial sepsis-associated liver dysfunction was 72.7% in our PICU. Though continuous hemofiltration is preferred to be effective tool to improve hemodynamics and fluid balance, there is controversial about whether continuous hemofiltration improves the mortality of critically ill. Previous study indicated that continuous hemofiltration application can significantly lower the 28-day mortality (38% vs. 71%, P = 0.011) and in-hospital mortality (62% vs. 86%, P = 0.04) in patients with severe burns and acute kidney injury [19] . However, the 72-h early-initiated continuous hemofiltration treatment has no effect on the 28-day mortality in patients with septic-shock-induced acute respiratory distress syndrome (ARDS) without acute kidney injury [20] . Our previous study indicated that continuous hemofiltration improved the inflammatory biomarkers but no advantage in mortality in patients with secondary hemophagocytic syndrome [21] . However, it is intriguing that continuous hemofiltration application significantly improved the 28-day mortality of patients with bacterial sepsis-associated liver dysfunction in our present study. Importantly, continuous hemofiltration therapy, as an independent protective factor, was significantly correlated with the prognosis of patients with bacterial sepsis complicated by liver dysfunction. Consistently, Deep et al. [12] reported that patients with pediatric acute liver failure (PALF) treated with continuous hemofiltration had a significantly increased chance of survival based on retrospective analysis (HR, 4; 95% CI, 1.5-11.6; P = 0.006). Otherwise, the survival rate of total 27 patients with bacterial sepsis-associated liver dysfunction was 51.85% (14/27) in our study. However, the survival rate of patient in continuous hemofiltration group was 68.7% in our study, which was similar to the 73.2% survival rate in patients with PALF in United states [22] . All these results indicated that continuous hemofiltration should be preferred effective adjuvant therapy to improve survival rate of patients with PALF and bacterial sepsis-associated liver dysfunction in children.
The timing to perform continuous hemofiltration is very important to improve the prognosis. The average interval time to initiate continuous hemofiltration after PICU admission was (22.06 ± 17.68) hours in our study. Consistently, Deep et al. reported that the average time to initiate continuous hemofiltration from PICU admission was (27 ± 6.9) hours [12] . Furthermore, we found that time to initiate continuous hemofiltration from PICU admission was significantly shorter in survivors compared with non-survivors, suggesting that the interval time between continuous hemofiltration initiation and PICU admission affects the outcome of bacterial sepsis-associated liver dysfunction. So, it is important to rapidly identify pathogen and indications for continuous hemofiltration initiation in patients with bacterial sepsis-associated liver dysfunction.
In the present study, continuous hemofiltration effectively decreased the levels of TBIL, DBIL, TBA, ammonia, Lac, TNF-α and IL-6. Our results are consistent with the report of previous study in acute liver failure before liver transplantation [21] . The levels of TBIL, DBIL, TBA, Lac, TNF-α and IL-6 were significantly decreased after 72 h treatment in the continuous hemofiltration group (all P < 0.05), other than in the conventional management group (all P > 0.05, Table 2 ). According to the introduction for Gambro prisma filter, molecules with molecular weight < 50 kDa could be wiped off. The bilirubin and lactate are "small" molecules, and TNF-α (~17 kDa-52 kDa peptide which circulates as a trimer) and IL-6 (~21 kDa) are "large" molecules. Generally, the more a molecule weighs, the larger it is in size and the more resistant it is to transport. So, the changes of serum TBIL, DBIL, TBA, Lac levels could be results from directly wiping off. However, continuous hemofiltration might regulate liver function as an adjuvant therapy. So, we speculated that the changes of serum TNF-α and IL-6 levels were contributed by both directly removing cytokines and indirectly regulating liver function. In addition, continuous hemofiltration can significantly improve the hemodynamic stability and neurological status in children with acute liver failure [23] .
Whether hemodynamic stability and neurological status are influenced by continuous hemofiltration therapy in patients with bacterial sepsis-associated liver dysfunction should be investigated in the future. Our study has some limitations. Firstly, this is a retrospective observational study with limited number of patients from a single center. This conclusion needs further study in prospective study with larger sample size. Secondly, some patients with severe coagulation disorders, or biofilm allergic reaction, or catheter difficult cannot perform continuous hemofiltration, although the patients were complicated with acute kidney injury, which would result in selection bias. Thirdly, we could not real-time monitor the changes of serum levels of TBIL, DBIL, TBA, Lac, ammonia, TNF-α and IL-6 during the treatment. Nevertheless, our results are noteworthy because continuous hemofiltration significantly improves 28-day mortality in pediatric patients with bacterial sepsis-associated liver dysfunction. More importantly, the present study brings an arousal of the potential benefits of continuous hemofiltration in pediatric patients with bacterial sepsis-associated liver dysfunction. It warrants further research using well-designed randomized controlled trials based on multi-site and larger simple size.
Conclusions
In conclusion, 28-day mortality of patients with bacterial sepsis-associated liver dysfunction was significantly improved in the continuous hemofiltration group, which was related to the decreased serum levels of TBIL, DBIL, TBA, Lac, ammonia, TNF-α and IL-6 after 72 h treatment. Further larger simple size trial is needed to provide evidence on the role of continuous hemofiltration in bacterial sepsis-associated liver dysfunction.
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